Introduction
Surgery remains as the only potential curative treatment for ampullary and periampullary carcinomas [carcinomas of Vater's ampulla or the radial 2 cm of duodenum surrounding Vater's ampulla, collectively defined as Vater's ampulla carcinomas (VACs)]; however, the 5-year survival rate has not improved significantly and rarely exceeds 25% (1) . Lymph node metastases (LNMs) have been reported in up to 50% of patients with resected VACs (2) .
In resected specimens, several histopathology factors have been associated with poor prognosis, like tumor stage, size, grade of differentiation, lymph node status, and surgical margins (3) . Total number of LNM or total number of lymph nodes examined may be associated with prognosis and an incomplete lymphadenectomy or a bad pathologic processing/examination represents worse prognosis for the patient. This prognosis could be improved if the surgeon performs a good lymphadenectomy or if the pathologist performs a meticulous lymph node identification (4) .
Several studies in gastrointestinal cancers had proposed the ratio between the number of LNM and the number of resected lymph nodes [named "lymph node ratio" (LNR), evaluated either as a categorical or as a continuous variable (5) ] as a finding associated with decreased overall survival (OS), even suggesting it may be more important
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Prognostic importance of lymph node ratio after resection of ampullary carcinomas than either the lymph node status or the number of lymph nodes examined (6) . These studies show that the LNR was a strong negative prognostic factor In the VAC, the cut-off point has been studied at 0.05 and 0.2 as having prognostic significance for OS, although the range of LNMs is high (42.4-50%); the average LN retrieval is around 16 nodes (2, (7) (8) (9) . In our population, LNM in VACs is less frequent and it is not clear if the LNR is also predictive of worse prognoses in a population with a lower LNM rate. Our aim was to characterize the pathological features of VACs in our population in order to investigate the prognostic value of the LNR in patients with pancreaticoduodenectomy for VACs.
Methods
We performed a cross-sectional study to compare the prognostic significance of the LNR in VACs. We included with curative pancreaticoduodenectomy for VACs at the National Cancer Institute (INCan) in Mexico from January 1980 to December 2015. The data were retrospectively collected and analyzed.
The demographic and clinical information registered included age, sex, symptoms, adjuvant treatment, recurrence, persistence, metastasis, and survival. The pathological details included the tumor size, TNM staging according to American Joint Committee on Cancer, 7th Edition (10), histologic grade, histologic subtype (based on morphology and immunohistochemistry), lymphovascular, perineural, and vascular invasion, surgical margins, lymph node status, and the number of lymph nodes dissected. The LNR was determined by dividing the number of lymph nodes with metastasis by the total of examined lymph nodes. We used a receiver operating characteristic (ROC) curve to determine an appropriate cut-off value for the LNR to predict death (Figure 1) , which was between <0.1 and ≥0.1, and according with this result, the cases were divided into two groups.
Macroscopic resection was defined as the absence of tumor in the operative field without metastasis (R0). Patients with microscopic positive margins were considered R1 resections and patients with macroscopic evidence of neoplasm in the surgical margins were classified as R2.
The pancreaticoduodenectomy was carried out with or without pylorus preservation according to surgeon preferences. The lymph node dissection in the pancreaticoduodenectomy included the regional lymph nodes to the right-hand side of the celiac and superior mesenteric arteries and all the tissues in the hepatoduodenal ligament, except for the portal vein and hepatic artery and para-aortic dissection. Reconstruction consisted of a pancreaticojejunostomy or a pancreaticogastrostomy. The hepaticojejunostomy was performed 20 cm distally to the pancreaticojejunostomy, and the duodenojejunostomy was then carried out 50 cm downstream.
Following surgical resection, if they were candidates to receive chemo radiation, it was administrated by external radiation [total dose of 45 Gy in 25 fractions, with a tumor bed boost of 5.4 Gy in 3 fractions every other day, and 5-fluorouracil (5-FU) or gemcitabine]. The maintenance chemotherapy consisted of 5-FU (375-500 mg/m 2 /day) or gemcitabine (1,000 mg/m 2 ).
Statistical analysis
For numerical data we used mean with standard derivation or a median with range, depending on the distribution, and for categorical variables we used absolute or relative frequencies. The association measures were calculated using Pearson's Chi-square or Fischer's test. Survival was estimated using the Kaplan-Meier method. The evaluation of the independent factors of survival was performed with the Cox regression model controlling for confounders (when the P value <0.05 in the bivariate analysis). The ROC curve was applied to determine the best cut-off point for the LNR. All the statistical analyses were performed using the SPSS software package for Windows 22.0 (SPSS IBM, USA). The 
Results
From 108 patients, 54 (50%) were male and 54 were female. The median age was 55. 8 Table 2 describes the results of the survival analysis. The mean follow-up was 55 months (range, 32-79 months) and a total of 16 patients (56.2%) died of disease. A higher percentage (53.8% vs. 2.4%) of the patients in the LNR ≥0.1 group died, while there was a 5-year OS rate of 97.6% for the patients in the LNR <0.1 group compared with 24% of the patients in the LNR ≥0.1 group (P<0.001) (Figure 2) . In the univariate analysis, the clinicopathologic parameters associated with decreased survival were the LNR, the presence of LNM, lymphovascular invasion, perineural invasion, and recurrence. However, in the multivariate analysis, the LNR (HR 2.891; CI: 1.987-3.458, P=0.02), the presence of LNM (HR 2.945; CI: 2.478-3.245, P=0.002), perineural invasion (HR 3.327; CI: 3.172-4.156, P=0.003), and recurrence (HR 3.490; CI: 2.896-4.122, P=0.001) were associated with decreased survival.
Discussion
Our data showed that in our population, the LNM was less prevalent (31.5% vs. 50%), and a LNR ≥0.1 was associated with death (53.8% vs. 2.4%) and was an independent risk factor in multivariate analysis. These data are in accord with previous reports. Hsu et al. (8) evaluated 212 VAC patients who had received radical surgery with a median number of lymph node retrieved of 13 (range, 3-53), a median follow-up of 32.6 months, with a mortality rate of 50%,a median OS was 65.8 and a LNR >0.056 associated with poor prognosis in multivariate analysis. Falconi et al. (9) evaluated 90 patients with a median number of 16 examined lymph nodes (range, 5-47); 50% of the patients had LNM. The 5-year DSS was 75%, 49%, 38%, and 0% for LNR =0, LNR >0 and ≤0.2, LNR >0.2, and ≤0.4, and LNR >0.4 (P=0.002), respectively. Sakata et al. (2) identified the LNR at a 0.1 cut-off point as an independent predictor for OS in a series with a median of 26 LNs retrieved and a 50% of patients with positive LNs.
We do not have a satisfactory explanation for the low LNM rate in our cohort because our cases were in a similar proportion with respect to the histologic grade, lymphovascular invasion, perineural invasion, and clinical stage. A plausible explanation is that most of our cases (74%) were of the intestinal type, and only 26% were of the pancreatobiliary type.
Finally, the LNR >0.1 was associated with recurrence (38.5% vs. 19.5%, P=0.049), poorly differentiated tumors (46.2% vs. 17.5%, P=0.001), lymphovascular invasion (61.5% vs. 17.1%, P=0.01), perineural invasion (38.5% vs. 19.5%, P=0.049) and positive margins (15.4% vs. 2.4%, P=0.012). In the multivariate analysis, these factors remained associated with decreased survival. The data are in accord with the published data; in particular, LNM has been proposed as a major negative prognosis factor for VACs because it is associated with post-operative liver metastasis and poor OS (11, 12) . Also, Roland et al. (13) demonstrated that a LNR ≥0.15 was more likely to have T3-T4 tumors, lymphovascular, perineural invasion and to develop recurrent disease.
There are some limitations to our study, like the retrospective nature of the study, the long study period, different surgeons with varying abilities performed the operations for these patients, and the treatment strategies might have changed over time, thus contributing to different therapeutic outcomes. Finally, the pathological method of retrieving LNs from specimens has varied over time, with new, more effective protocols and techniques for LN retrieval during the last 5 years. Further, larger studies are needed to verify our results in other populations.
Conclusions
In conclusion, the LNR is a strong predictor for longterm survival in patients with pancreaticoduodenectomy for VAC. 
